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Abstract In this paper, we propose another method to calculate the correlation coefficient of neutrosophic sets. The value 
which obtained from this method tells us the strength of relationship between the neutrosophic sets and the whether the 
neutrosophic sets are positively or negatively related. Finally we give some proposition and examples. 
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1. Introduction 


In 2012 Hanafy and Salama[8, 9, 10] introduced and 
studied some operations on neutrosophic sets and 
investigated the correlation of neutrosophic data[8]. 
Correlation plays an important role in statistics and 
engineering sciences, by correlation analysis, the joint 
relationship of two variables can be examined with the aid of 
a measure of interdependency of the two variables. The 
correlation coefficient is one of the most frequently used 
tools in statistics. Several authors have discussed and 
investigated the concept of correlation in fuzzy set[4, 14]. 
For example, Murthy and Pal[fi2] studied the correlation 
between two fuzzy membership functions, Chiang and Lin[4] 
studied the correlation and partial correlation of fuzzy sets, 
Chaudhuri and Bhattacharya[}] investigated the correlation 
between two fuzzy sets on the same universalsupport. Yu[ 14] 
defined the correlation of fuzzy numbers A, B in the 
collection F({a,b]) of all fuzzy numbers whose supports are 
included in a closed interval. After two decades Turksen[13] 
proposed the concept of interval-valued fuzzy set. But for 
some applications it is not enough to satisfy to consider only 
the membership-function supported by the evident but also 
have to consider the non-me mbership function against by the 
evident. Atanassov[1, 2] introduced another type of fuzzy 
sets that is called intuitionistic fuzzy set (IFS) which is more 
practical in real life situations. Intuitionistic fuzzy sets 
handle incomplete information i.e., the grade of membership 
function and non-membership function but not the 
indeterminate information and inconsistent information 
which exists obviously in belief system. Several authors 
have discussed the concept of correlation in intuitionistic 
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fuzzy set. Smarandache and Salama[10, 11] introduced 
another concept of imprecise data called neutrosophic sets. 
neutrosophic set is a part of neutrosophy which studied the 
origin, nature and scope of neutralities, as well as their 
interactions with ideational spectra. The neutrosophic set 
generalized the concept of classical fuzzy set[16, 17, 18], 
interval-valued fuzzy set, intuitionistic fuzzy set[1, 2], etc. In 
this paper we discuss a concept of correlation for data 
represented as neutrosophic sets adopting the concept from 
statistics. We calculate it by showing both positive and 
negative relationship of the sets, and showing that it is 
important to take into account all three terms describing 
neutrosophic sets. 


2. Terminologies 


2.1. Correlation Coefficient of Fuzzy Sets 


In 1965[17], Zadeh first introduce the concept of fuzzy 
sets as follow: Let Xbe a fixed set. A fuzzy set A of X is an 


object having the form A={(x,,(x)),x €X} where 
the function w,:X [0,1] 


membership of the element x €_X to the set A, which is a 
subset of X. 


Suppose there is a fuzzy set AC F’, where F is a fuzzy 
space. The fuzzy sets A defined on a crisp set X with a 


define the degree of 


membership function 4 ,, the probability of fuzzy set has 
been defined by Zadeh[17, 18]. 
P(A) = [ u,(x)dP = E(ut,), 


xX 


(1) 


where P is the probability measure over X, and E(4l,) is 
the mean ofthe membership function ofa fuzzy event A. 
When we have a random sample (X,,X,,...,X,,) froma 


crisp set X, with the membership function 4, of some 
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specific fuzzy set A, then the sample mean and sample 
variance of the membership function of A, defined on_X, can 
be written as, 


Su, (x;) 


Ti i=l 


Hy= ) 
nN 


n 


— \2 
Vlu)- 2) 
G2 = i=l 
A > 
n-| 
where J, and So are the average and the degree of 


(2) 


variations of membership function of fuzzy set A, then the 
correlation coefficient, r “4B? between the fuzzy sets A and B 
which defined by Chiang and Lin [4]: 


Ya 05) Nol) -Ay) n= 
VAB = 4 —____________“___ @) 


S4Sp 


2.2. Correlation Coefficient of Intuitionistic Fuzzy Sets 


Atanassov[1, 2] introduced another type of fuzzy sets that 
is called intuitionistic fuzzy set (IFS) which is more practical 
in real life situations as follow: Let X be a fixed set. An 
intuitionistic fuzzy set A of X is an object having the form 


A= {(x, L,(x),V4(x)), x € x} where the function: 
u,:X [0,1] andv,:X — [0,1] define respectively 
the degree of membership and degree of non-membership of 
the element x €_X to the set A, which is a subset of Y and 
forevery xe X, OS w,(x)+v,(x) <1. 


Yu [14] defined the correlation of A and B in the collection 
F({a,b]) of all fuzzy numbers whose supports are included in 
a closed intervalla,b] as follows: 


C(AB) = | py ( asa) + 0 De.) 


where i ,(x)+V_,(x)=1 and the correlation coefficient 
of fuzzy numbers A,B was defined by 
om Cy (A, B) 
"IC, (A, A)xC, (B, B) 
In 1991, Gerstenkorn and Manko[16] defined the 
correlation of intuitionistic fuzzy sets A and B ina finite set 


(2) (5) 


X ={X,,X,,...,X,} as follows: 


Coy (AB)= > (Hy (ap (x) 74 (%))V (2) 
i=l 
and the correlation coefficient of fuzzy numbers A,B was 
given by: 
Cay lA,B) 


Pom ~" F(A) TB) 


(7) 


where 


T(A)= UPA). @ 


Correlation Coefficients of Neutrosophic Sets by Centroid Method 


In 1995, Hong and Hwang[5] defined the correlation of 
intuitionistic fuzzy sets A and B in a probability space (X,B,P) 
as follows: 

Ci (A, B) = [ue +V4V,)dP (9) 
He 
and the correlation coefficient of intuitionistic fuzzy 
numbers A,B was given by 


= Cun (A, B) . 

8 Ci (AVA) Cry (BB) 
Hung and Wu[5,6,7] introduce the concept of positively 
and negatively correlated and used the concept of centroid to 
define the correlation coefficient of intuitionistic fuzzy sets 
which lies in the interval[-1,1], and the correlation 
coefficient of intuitionistic fuzzy sets A and B was given by: 


p (10) 


Be Te Asap CB) 
where 
Cay =M(L,)m(L,)+m(v ,)m(V,) (12) 
fre, (x)dx - [xvs@dax 
m4) = Juanes mV ,)= Jvacoax 
[xu (x)dx : [xve(odx 
mM( My) = [uaa mV; )= Jvecoax 


In 2012 Salama et al[10] introduced and studied some 
operations on neutrosophic sets 
Definition.2.1. [10] 


Let X bea non-empty fixed set. A neutrosophic set 
( GNS for short) A is an object having the form 


A ={(z 4, (x ),o, (x Va (x ix eX | 

Where wy (xo (x) and y,(x) which represent the 
degree of member ship function (namely w , (x) ), the degree 
of indeterminacy (namely o 4 (x) ), and the degree of 
non-member ship (namely y ,(x) ) respectively of each 
element xe X to theset 4 

The correlation coefficient between neutrosophic sets 
ranges in[-1, 1], which can correlate neutrosophic concepts. 
Thus, we propose the following correlation measure. 


Definition. 2.2. [8, 10] 
Let X be a fixed set. A neutrosophic set A of X is an object 


having the form A= {(x,11,(x),V4(x).74(x)),x€ X} 


where the function: are real standard or 


Ha Vy,andy 4 
non-standard subsets of] -oit l define respectively the 
degree of membership, degree of non-membership and 
degree of indeterminacy of theelement x € X totheset A, 
which is a subset of X and for every xEX , 


“OS w(x) + V(x) + 7,(0)8°3. 
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Definition. 2.3. [8]. Jxvy(x)dx 
For A and B are two neutrosophic sets in a finite space X Saran ert 
X = {x,X,....x,} We define the correlation of neutrosophic Iva (x)dx ° 
sets A and Bas follows: 
aOR Bis a 
CN(A, B) = Slo i}Malx;)+ o4(x;)on(x;)+ vali va) pele X is Finite 
n 
and the set coefficient of A and B given by av A(%i) 
CN (A,B 
R(4, B)= C22) : [xvp(xydx 
(T(A).T(B))2 ae X is Continous 
Where lyn es 
n — n 
T(A) = 5 (u24(x;)+ 024 (x;)+ v24(x;)) mV) LU xjV B(x; ) 
i=l a _#§_§ ., X is Finite 
2 XVB(;) 
1B) = Des )+o7a(x,)+v29(x;)) mi 
xy 4(x)dx 
ee ‘ X is Continous 
° 5 Jv 4(x)dx 
3. Correlation Coefficient of ais Xx 
e my = n > 
Neutrosophic Sets A ¥x;7 40%) 
Definition 3.1. _ : X is Finite 
Let A, B are two neutrosophic sets, we define ~v4(x;) 
C(A, B) = m(4)m( Lg ) (13) 
x x)dx 
+m(v)m(vg) + m7 4)m(7p) age thee: 
and we call it correlation formula of 4 and B. furthermore, Jvy (x)dx : aera 
we call 
mypg)=) 2 
Fie) ec ae (14) LX BX) 
M(A)-M(B) pL ___., X is Finite 
The correlation coefficient of A and B, where vp (x;) 
fxpeg (x)dx S 
—————— X is Continous are the centroid of 4V4,¥4oMg.V, andy, . 
fea (x)dx respectively and 
m4) = n ? M(A)=.4|/m +m (v,)+m 
On) Esa) (A) = am? (u,) mv) +m (7,) 
j= F a a 2 9; 
ot -  Xis Finite M(B) =m" (Up) +m? (V_) +m (7p) 
>» H4(x;) Proposition 3.1. 
ica For all A and B are neutrosophic sets, we have 
J xueg (x)dx 1). C(A,B)=C(B, A). 
“Taso 5 X is Continous 2). p(A,B) = p(B, A). 
3). If A=B,then p(A,B)=1. 
mip) = Dxrea i Theorem 3.1. 
i=l Sie BantS For all A and B are neutrosophic sets, we have 
; A,B)|<1. 
3 HB x;) |o(4, 8) 
i=1 Proof 
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By the Cauchy-Schwarz inquality, Therefore, we have 
|P(A, B)| <1. 

Corollary 3.1. 

Let A and B are neutrosophic sets satisfied with 
M,= Clg, V,= CVg and Y¥,= CYg for an arbitrary 
realnumberc>0, then (A,B) =1. 


4. Comparative Examples 


We give some examples to compare with several 
correlation of neutrosophic sets. 

Example 4.1. 

For a finite universal set X ={x,,x,,x,}., if two 


neutrosophic sets are written, repectively. 
A={(1,0,0.4), (0.8, 0,0.6),(0.7,0.1,0.6)}, 
B= {(0.5,0.3,0.7),(0.6,0.2,0.7),(0.8,0.1,0.6)}, 
Therefore, we have: 
p (A,B) = 0.89871. R(A, B) = 0.95. 


It shows that neutrosophic sets A and B have a good 
positively correlated. 

Example 4.2 
Fora continuous universal set X =[1,2], if two neutrosophic 
sets are written, respectively. 


A= {(x, (2), ¥4(2), 740) € [2B 
B={(x, My (2),V5 (2), 7,0))x € 11.2]. 


where 


fH 0.50—-1) 5. Is*s2, 
ne =03-1);. Tsxs2 
V(X) H1.9-0.9% . Isxs2, 
v,=14-04x , Isx<2 
vy (x)=(5-x)/6 , 15x82, 
¥_n(x)=0.5x-0.3 , Isx<2 


Thus, we have p(A, B) =0.99938 


It shows that neutrosophic sets A and B have a good 
positively correlated. 


5. Conclusions 


Our main goal of this work is propose a method to 
calculate the correlation coefficient of neutrosophic sets by 
means of "centroid" which lies in [-1,1], give us information 
for the degree of the relationship between neutrosophic sets 
and the fact that these two sets are positively or negatively 
related. 
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